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Previously (1) it was demonstrated that, in the strain combination of mice 
under study, acquired  tolerance to skin homografts was lost with increasing 
age. The chronic rejection pattern suggested a host versus graft reaction which 
increased in severity with time, culminating in the elimination of donor lymph- 
oid cells and skin grafts. 
Since the rejection of homologous tissues by normal animals is accompanied 
by pronounced histological  changes in the lymphoid organs of the host (2--4), 
the present studies were undertaken  to detect similar  histological  indications 
of a host versus graft reaction in seemingly tolerant mice and to determine the 
onset of such a reaction. The strain combination used was particularly advan- 
tageous because a standard dose of 5 million adult CBA strain spleen cells, injec- 
ted intravenously into newborn C3H mice, will result in 100 per cent tolerance 
without runt disease (5, 6). The high incidence of tolerance permitted the study 
of early stages  in  the  development of tolerance,  before test grafting  of the 
injected animals  was feasible. The  absence of runt disease,  believed to be a 
graft versus host reaction (5, 7, 8), avoided additional complications. 
Before a  comparison  between the  lymphoid  tissues  of  tolerant  and  non- 
tolerant mice was possible,  a  detailed knowledge of the postnatal changes in 
normal lymphoid tissues was requisite. Although the prenatal development of 
the mammalian  lymphoid system has been analyzed  (9),  and  many studies 
have  described  normal  or  experimentally  modified  adult  mouse  lymphoid 
tissues (3,  10-13),  we were unable to locate a detailed account of histological 
changes in the lymphoid tissues of the mouse during postnatal development. 
A description of the major changes which occur in the spleen,  lymph nodes, 
thymus and liver of the C3H mouse from birth to old age was therefore included 
in this account. 
In addition to comparing the histological  structure of lymphoid organs from 
control  non-tolerant  mice  at  various  intervals  after  the  tolerance-inducing 
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stimulus, we studied the histology of lymphoid tissues from mice which were in 
the  process  of  losing  their  tolerance  ("partial  tolerance"),  from  mice  which 
had recently lost their tolerance ("post-tolerance:  1 graft"), from post-tolerant 
mice  which  had  received  a  second  graft  after  the  rejection  of  the  first  one 
("post-tolerance:  2  grafts"),  and  finally  from  non-tolerant  mice  which  were 
sensitized with homologous spleen cells and  skin homografts. 
Materials and Methods 
All C3H mice were bred by brother and  sister mating in our own laboratory. The CBA 
mice were purchased from the Jackson Laboratories, Bar Harbor, Maine. 
In order to induce tolerance, 5 million adult  CBA strain spleen cells were injected intra- 
venously into newborn C3H mice, according to the technique of Billingham eta/. (5). Previous 
studies  (5, 6)  showed that this cell dosage produced no runt disease and that all neonatally 
injected C3H  mice accepted  CBA skin grafts which lasted  for at  least  2  months.  Control 
C3H mice were injected intravenously at birth with an equivalent amount of Ringer's phos- 
phate buffer. These mice will be designated as the non-tolerant control group. Injected litters 
were weaned at 4 weeks of age. 
At suitable intervals after injection, the mice were weighed and killed by decapitation or 
cervical dislocation.  The  tissues,  used  for histological analysis,  were weighed on  a  torsion 
balance. Between 6 and 26 mice, male and female, were sacrificed  at each interval, except for 
mice killed before 2 months of age, when groups consisted of 3 or 4 animals. During the first 
2 weeks after injection animals were sacrificed  at  1 or 2  day intervals.  During  the next 6 
weeks, weekly intervals were chosen and after 2 months animals were killed at bimonthly or 
monthly intervals. 
At 2 months of age, the tolerant C3H mice were test grafted with CBA skin from female 
donor mice, according to the previously used technique (6).  Some of the non-tolerant control 
C3H mice were grafted with isologous  (C3H)  skin in a  similar manner.  All dressings were 
removed after 10 days and grafts observed daily for 2 months and weekly thereafter. An ad- 
ditional group of 5-month-old C3H mice was sensitized with an intraperitoneal injection of 75 
million CBA spleen cells,  followed 6  days  later by a  CBA skin graft.  These animals were 
sacrificed 1 week and 6 to 8 weeks post-grafting. 
For histological preparation the spleen,  thymus, liver, axillary lymph nodes, and mesenteric 
lymph node were fixed in Carnoy's fluid for 3 to 4 hours, embedded in tissue mat and sectioned 
at 4  micra. Sections were stained with methyl green-pyronine.  All experiments were coded 
before histological observations were carried out. For the identification of cell types the sug- 
gestions of the Committee for the Nomenclature of ImmunologicaUy Competent Cells (14) 
were followed.  The lymphoid tissue in the spleen was classified  as inactive (1+)  when the 
germinal centers were absent or small and most of the cells making up the lymphatic nodule 
were lymphocytes and reticulum cells; moderately active (2+),  when two germinal centers, 
located  opposite each  other  in  the  lymphatic nodule,  were still surrounded  by a  layer or 
lymphocytes; and active (3+), when the two germinai centers had enlarged, blended into one, 
and had filled up most of the lymphatic nodule. In the cortex of the lymph nodes, the size and 
number of germinal centers was used as an index of activity; in the medulla, the number of 
plasma cells was estimated semi-quantitatively as 1+, 2+, or 3+. 
Probability values were determined by the small sample method of Fisher. ~ERTrE  F.  ARGx~rs  545 
RESULTS 
Control Series 
I.  Weight  Changes  in  the Lymphoid  Organs  of Control Non-Tolerant  C3H 
Mice.- 
Text-fig. 1 illustrates the changes in the average wet weights of spleen and lymph 
nodes from normal C3H mice. The weight of the lymph nodes, expressed in mg per 
100 gin body weight, includes the pooled weights of 2 axillary, 2 brachial, and 2 inguinal 
nodes. During the first month after birth the changes in spleen and lymph nodes were 
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recorded more frequently than indicated in the graph, but the values fell within the 
limits of the curves drawn in Text-fig. 1 and were therefore not reported individually. 
It can be seen that the spleen weights fluctuate considerably, especially during the 
first 4 months of life. In older mice the spleen weights decrease somewhat and become 
more consistent.  This same gradual decrease in wet weights with age occurs in the 
lymph nodes of normal mice. 
Text-fig.  2  records  the  changes in  relative  wet weight of the  thymus.  After an 
initial peak at 15 to 20 days a  gradual decrease in average wet weight occurs which 
continues as the mice grow older. 
II.  Histological  Changes  in  the  Lymphoid  Organs  of Control  Non-Tolerant 
C3H Mice.- 
Mice ranging in age from 1 day to 2 months: The newborn C3H mouse spleen re- 
sembles the newborn rat spleen (15). It is largely a hemopoietic organ with no discrete 546  ACQUIRED TOLERANCE TO  SKIN HOMOGIL~FTS 
lymphatic nodules until 2 to 3 days after birth. At that time the nodules in the white 
pulp  consist of a  dense  mantle  layer of lymphocytes and  reticulum  cells  around  a 
central artery with a few pyroninophilie cells interspersed (Fig. 1). The most peripheral 
layer of the nodules ("perifollicular halo") contains lymphocytes and reticulum ceils 
at lesser  density (Fig. 1). At 9 days after birth the white pulp in the spleen expands 
and the lymphatic nodules may show the formation of occas:onal germinal centers 
which  consist  of  concentrated  areas  of  pyroninophilic  cells  (hemocytoblast)  with 
high mitotic activity and  many macrophages.  At  18  days  the white  pulp  becomes 
even more extensive,  taking up the space previously occupied by the red pulp.  No 
major changes are found from 18 to 45 days. 
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TExT-Fro.  2. Average wet weights (4- sr~) of thymus from tolerant and non-tolerant C3H 
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The red pulp in the newborn spleen consists largely of erythropoietic and myelo- 
poietic elements.  Many large intensely pyroninophilic cells  are present,  giving the 
whole spleen a reddish appearance. The mitotic activity is high. At 8 days the number 
of myelocytes has decreased and none are left at  14 days. The red pulp is still very 
dense with  erythropoietic elements,  pyroninophilic cells,  and megakaryocytes at 45 
days after birth. 
The axillary lymph nodes of the newborn mouse consist of small nodules of fibro- 
blasts  or  reticulum  cells.  At  9  days  the  nodule  becomes  divided  into  a  cortex of 
lymphocytes and reticulum cells and a  medulla, which consists of cellular cords sur- 
rounding sinuses.  The cellular cords are made up largely of lymphocytes and reticulum 
cells.  Some isolated lymphocytes and monocytes can be found in the sinuses.  Mast 
cells appear in the medullary sinuses at about 12 days. At 14 days the cortex becomes 
divided into 2 halves (primary lymphoid nodules) by the medullary sinuses and small 
solid  secondary lymphoid nodules (dense aggregates of small lymphocytes) appear in 
the cortex, underneath the capsule (Fig. 2). Occasional germinal centers appear around 
18 days of age. A few plasma cells are present in the medullary cords around 6 weeks 
of age. 
The neonatal mesenteric lymph node, like the axillary node, consists of a thin strip BERTIE  F.  ARGYRIS  547 
of undifferentiated cells. At 9 days, here too, medullary cords begin to form and the 
node is subdivided into cortex and medulla. In this node the cortex and medulla lie 
side by side in a longitudinal plane (Fig. 3). In the medulla a few immature and ma- 
ture plasma cells make their appearance around 12 days of age and the formation of 
solid secondary lymphoid nodules in  the cortex commences at  14  days. Occasional 
germinal centers appear around 16 to 18 days of age. The number of plasma cells in 
the medulla does not increase to a  considerable extent until the mice reach 5  to 6 
weeks of age. 
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TEXT-FIG. 3. Germinal center activity and plasma cell frequency in the spleen of tolerant 
and non-tolerant C3H mice of various ages. W.P., white pulp; R.P., red pulp. 
The  neonatal  liver  shows  active  hemopoiesis,  which  gradually  decreases  with 
increasing age of the animal. In a  16-day-old animal the liver is devoid of hemopoietic 
elements and no further major changes occur. 
The thymus of the newborn  C3H  mouse shows a  well differentiated cortex, con- 
sisting  of  actively dividing thymocytes  and  a  smaller number  of  reticulum  cells. 
The  central  medulla  exhibits  much  less  mitotic  activity  and  consists  largely  of 
reticulum cells with a  small number of thymocytes. 
Mice ranging in age  from 2 to 10 mor~hs: The basic structure of the spleen and axillary 
lymph nodes, as described above in the l~t-month-old mice, remains the same except 
for a  considerable amount  of variation in germinal center activity and plasma cell 
production. To elucidate the changes in histological pattern with age, a semiquantita- 
tive study was carded out, assessing lymphoidal activity in the spleen and axillary 548  ACQUIRED  TOLERANCE  TO  SKIN  HOMOGRAFTS 
lymph nodes of mice at various ages. Germinal center activity was arbitrarily classified 
as active (3+), moderately active  (2+),  or inactive  (1 +)  according to the criteria 
described above. Text-figs. 3 and 4 illustrate the histological changes which occur in 
the lymphoid components of spleen and axillary lymph nodes of mice of various ages. 
The dear bars on the left-hand side of the  text-figures represent  the percentage of 
mice with high (3 +), moderate (2 +) or low (1 +) germinal center activity. The clear 
bars on the right hand side of the text-figures represent the percentage of mice with 
plasma cells  in the white  (w.p.)  or red  (r.p.)  pulp of the spleen  (Text-fig. 3)  or the 
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TExT-FIG. 4.  Germinal  center  activity and plasma  cell production  in regional axiUary 
lymph node of tolerant  and non-tolerant  C3H mice of various ages. 
percentage of mice with many (3+), moderate (2+)  or few (1+) plasma cells in the 
medulla of the regional lymph node (Text-fig. 4). 
At 2 months of age a sharp increase in germinal center activity in both spleen and 
lymph nodes occurs. This increased  activity however does not persist and has dis- 
appeared ~4  to  1~  months later.  Subsequently the frequency distribution  of the 3 
groups (active, moderately active, and inactive) in the spleen remains approximately 
the same, except for old mice where most germinal center activity in the splenic white 
pulp is low (Text-fig. 3).  In the axiUary lymph node, after the initial rise in activity 
at 2 months, the activity declines and remains moderate in most animals throughout 
their life  span  (Text-fig. 4). 
Plasma cells develop in the spleen between  1~ and 2 months of age (Text-fig. 3). BERTIE  ~'.  ARGYRIS  549 
In the white pulp the plasma cells cluster around the arterioles, while in the red pulp 
they form small clusters attached to the periphery of the lymphatic nodules. Although 
no quantitative estimate of the amount of plasma cell proliferation in the spleen was 
made, the frequency of their absence or presence in the white pulp remains approxi- 
mately the same throughout the life span of the animals. The frequency of plasma cells 
in the splenic  red pulp varies somewhat with age (Text-fig.  3).  A semiquantitative 
estimate of plasma cells in the medulla of the amllary lymph node indicates that after 
an initial peak at about 2 months of age, the number of plasma cells steadily decreases 
with increasing age (Text-fig. 4). 
As far as the non-lymphoidal component of the spleen is concerned,  the volume of 
the red pulp decreases with increasing  age. Around 5 to 6 months of age, the amount 
of erythropoiesis has decreased  considerably, while  the number of mature red blood 
cells which are stored in the spleen has increased.  This gives the red pulp a "sparse" 
appearance.  An  additional  characteristic  sign  of  "old"  spleen  is  the  presence  of 
brownish pigment. 
In contrast to the rise and subsequent decline  in germinal center activity in the 
axillary lymph nodes,  the increased germinal center activity in the mesenteric lymph 
node, once it has developed, persists with age. This activity is also reflected  in the 
large number of plasma cells in the medulla of this lymph node, where  they form 
clusters of brightly stained cells (Fig.  4). 
The thymus retains its high mitotic activity in the cortex, in spite of the gradual 
decrease  in wet weight after 15 days of age (Text-fig.  2). Although the thymus of a 
7-month-old mouse is quite small and shows fewer mitotic figures than that of very 
young animals, the mitotic activity is still considerable. 
We can conclude from this account that under  the present environmental 
conditions  normal  C3H  mice  develop  the  first  histological  indications  of  a 
weak immune reactivity during the 2nd or 3rd week after birth. Histological 
evidence for a peak immunological reactivity appears around 2 months of age 
but rapidly declines in the spleen and axillary lymph nodes of most mice. In 
the mesenteric lymph node this high activity persists in all but a few animals. 
The lymphoid tissues of mice, 2~ months and older show a considerable amount 
of variation in  immunological activity but  nevertheless adhere  to  a  pattern 
which can be used as a standard for comparison to that of experimental mice. 
III. Effect of Skin Isografts.-- 
Non-tolerant control C3H mice were grafted at 2 months of age with skin from 
isologous donors of the same sex and sacrificed at 1, 2, 3, and 4 months later. Text- 
fig.  5  (second  row from bottom)  expresses  the  frequency distribution  of germinal 
center activity and plasma cell production in the spleen and axillary lymph nodes of 
these isografted animals. No effect of the skin isografts on the lymphoid tissues of 
these hosts can be found.  In some of the isografted mice an increased  number of 
stored red blood cells is found in the red pulp of the spleen at 1 month post-grafting. 
This is also reflected in the higher average wet weights of the spleen in this group of 
mice (Table I). No weight changes are found in the lymph nodes or spleen  at later 550  ACQUIRED  TOLERANCE  TO  SKIN  HOMOGRAI~TS 
intervals  after  grafting  (Table  I).  The  histological appearance  of  the  mesenteric 
lymph node does not differ from that of control mice. 
We  can  conclude  therefore  that  the  presence  of  skin  isografts has  no  de- 
tectable effect on the histological architecture of the lymphoid system of normal 
C3H hosts at 1, 2, 3  or 4 months post-grafting. 
TABLE I 
Effect of Skin Isografts on the Average Wet Weights of the Spleen and Lymph Nodes  from 
C3H Mice 
Months 
post-grafting  No. of mice 
Average weight, mg trot  cent -4-  sE 
Spleen 
827  +  ~0}  587  -4- 3  p  value  =  0.002 
612  4-  55 
677  -4-  74 
* Average wet weights  of lymph nodes  include pooled weights  of 
and 2 inguinal nodes. 
Lymph nodes* 
282  :i:  14 
303  4-  18 
304  -4-  13 
339  4-  21 
axillary, 2 brachial 
Experimental Series 
I. Weight Changes  in Lymphoid Organs  of Tolerant C3H Mice.- 
The relative wet weights of the spleen of tolerant C3H  mice at various intervals 
after neonatal injection of homologous spleen do not seem to differ from the control 
values (Text-fig. 1).  Considerable fluctuations are evident during the first 4  months 
of life with a gradual decrease in average spleen weight as the mice grow older. 
The average weight of the 6 pooled lymph nodes,  however, does differ in the ex- 
perimental and control groups (Text-fig. 1).  An increased wet  weight of the lymph 
nodes becomes apparent in  tolerant mice at 4  months  of age and persists with  in- 
creasing age. 
No  difference in  average wet weight  between  experimental and  control thymus 
can be found (Text-fig. 2). A gradual decrease in average wet weight occurs in older 
tolerant mice, comparable to that in control mice. 
II. Histological  Changes in Lymphoid Organs of Tolerant C3H Mice.- 
Mice ranging in age from I day to 2 months: The postnatal development of lymphoid 
tissues in mice injected at birth with homologous spleen cells follows a pattern very 
similar to  that  of  the  control mice.  No  difference in  histological structure  can  be 
detected in any of the lymphoid organs except for the earlier appearance of a  small 
number of isolated plasma cells in the cortex or medulla of the lymph nodes of some 
tolerant mice. 
We therefore conclude that the injection of homologous (CBA) spleen cells BERTIE  ~.  ARGYR.IS  551 
into newborn C3H mice has no major effect on the histological structure of the 
lymphoid system during the first 2 months after birth. 
Mice ranging in age from 2 to 10 months: To compare the pattern of histological 
changes in  the  tolerant  (T)  and non-tolerant  (hiT)  C3H mice,  the  activity of the 
lymphoid tissues  was assessed  in  a  manner similar to  that  described  above (Text- 
figs. 3 and 4).  Again it can be noted that the germinal center activity in the spleen 
of tolerant mice (solid bars; left-hand side of Text-fig. 3) reaches a peak at 2 months 
but rapidly declines. Plasma cells (cross-hatched  bars; right hand side of Text-fig. 3) 
appear at the same time as in control non-tolerant mice. In comparison to the non- 
tolerant control mice, a slightly greater number of tolerant mice possess plasma cells 
in  the  splenic  red pulp, especially between the ages of 4  and 6  months. No other 
differences in splenic histology between experimental and control mice can be found. 
The regional  axiUary lymph nodes on the other hand follow a different pattern in 
experimental and control mice. Text-fig. 4 represents the germinal center activity and 
plasma cell production in  the  regional lymph nodes of  tolerant  mice,  which  were 
test grafted at 2 months of age. All mice bore seemingly healthy skin grafts at the time 
of sacrifice.  The frequency distribution  chart indicates that at 4  months, which  is 
2  months post-grafting, the frequency of mice with active germinal centers in  the 
cortex (solid bars; left side of Text-fig. 4) increases  and large numbers of plasma cells 
in the medulla (cross-hatched bars, right side of Text-fig. 4) appear. The percentage 
of tolerant mice with large numbers of plasma cells in the regional lymph node remains 
elevated with  increasing  age of  the  animal.  Figs.  5  and  6  illustrate  the  increased 
germinal center  activity and  increased  number of plasma cells  in  the  cortex and 
medulla of 5- and 6-month-old tolerant mice. In 7 tolerant mice the histological  ap- 
pearance of the regional  and contralateral lymph nodes was compared. In all 7 cases 
close resemblance between the 2 nodes was found. 
The histological  structure of the mesenteric lymph node of tolerant mice resembles 
that of control mice. Increased germinal center activity and large numbers of plasma 
cells develop around 2 months of age and persist throughout the life of the tolerant 
host. 
No difference is found between the histological  appearance of the thymus or liver 
in  tolerant and non-tolerant mice. 
In conclusion we can therefore say that histological evidence of an immune 
response in tolerant mice with seemingly healthy skin grafts becomes evident 
in the axiUary lymph nodes around 2  months post-grafting. This immune re- 
sponse  persists  and  may increase  in  frequency  in  older  tolerant  mice.  The 
spleen, mesenteric lymph node, thymus, or liver do not show this differential 
pattern. 
IlL Histological and Weight Changes in tke Lymphoid Organs of Partially and 
Post-Tolerant lff  ice.-- 
Partially tolerant mice: The preceding histological  indications  of an  immune re- 
sponse in the axillary lymph nodes of fully tolerant mice led to a similar study in mice 552  ACQUIRED TOLERANCE TO  SKIN HOMOGRA:FTS 
which were in the process of graft contraction. These partially tolerant mice ranged in 
age from 4 to 11 months at the time of ~crifice and were therefore compared to con- 
trol (non-tolerant) and tolerant mice of the same age group. Table III indicates that 
the average wet weight of the spleen from these animals does not significantly differ 
from the control values.  The lymph nodes of these partially  tolerant mice, on the 
other hand, show a  significant increase in average wet weight as compared with the 
control values.  No  differences  are  apparent  in  the  germinal  center  activity of the 
spleen from normal, tolerant,  or partially tolerant mice (left column of Text-fig. 5), 
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but the frequency of mice with plasma cells in both white and red pulp has increased 
(Table II). The increased activity of the axillary lymph nodes, which developed in 
the fully tolerant mice is retained  and somewhat increased germinal center activity 
as well as increased plasma cell production is apparent (middle and right columns of 
Text-fig. 5). In 7 mice, the regional and contralateral axillary lymph nodes were com- 
pared and proved to be similar. 
Post-tolerant  mice,  1  graft:  All  the  mice in  this  group tolerated  CBA skin  grafts 
for at least 5~i months and were sacrificed shortly after the rejection of the skin graft 
had been completed. Mice ranged in age from 7~ to 12 months. A significant increase 
in average weights of both spleen and lymph nodes is found at the time of sacrifice 
(Table III). Again histological indications of an immune activity in the lymph nodes, 
but not in the spleen is apparent (Text-fig. 5). :B]gRTIE ~.  ARGYRIS  553 
Post-tolerant  mice,  2  grafts:  Eleven post-tolerant mice  were  chaUenged  with  a 
second CBA strain skin graft. Nine of these mice which had rejected their first graft 
in 3 to 4 months, rejected the second graft between 11 and 30 days (average 17 days). 
The remaining 2 mice rejected their first graft at 5 and 8~t months post-grafting and 
tolerated a  second graft for 4 and 4~t months, respectively. Animals were sacrificed 
TABLE II 
Frequency of Plasma Calls in the White and Red Pulp of the Spleen of 4- to 12-Month-Old 
C3H Mice After Variom Ex oerimental Treatments 
Frequency of plasma cells 
Experimental treatment  No. of mice 
White pulp  Red pulp 
per cent  per cent 
Normal control .............................. 
Isograft control .............................. 
Tolerant  .................................... 
Partial tolerance ............................. 
Post-tolerance,  1 graft ....................... 
Post-tolerance, 2 grafts ....................... 
Sensitized, 1 week post-graft ................. 
Sensitized, 6 to 8 weeks post-graft ............ 
79 
26 
33 
13 
12 
11 
6 
7 
48  20 
42  19 
54  54 
80  60 
50  42 
87  67 
100  67 
14  14 
TABLE III 
Average Wet Weights of Spleen and Lymph  Nodes of 4- to 12-Month-Old C3H Mice under 
Various Experimental Conditions 
Experimental condition 
Non-tolerant control. 
Isograft control. 
Tolerant. 
Partial tolerance. 
Post-tolerance, 1 graft.. 
Post-tolerance, 2 grafts. 
Sensitized 7 to 8 weeks post-grafting. 
No. of 
mice 
49 
20 
16 
12 
11 
13 
7 
Average wet weight, mg per cent -4- sz 
Spleen 
591  -4- 28 
614  4-  26 
662  -4-40 
717  -4-  17 
821  -4-  142 
8644-  64 
474  -4- 26 
p value 
>0.05 
>0.05 
>0.01 
<0.01 
<0.01 
! <o.oi 
Lymph nodes*  p value 
283  -4-  12 
311  4-  31  >0.05 
410  4-  14  <0.01 
348  ±  21  <0.01 
368  4- 35  <0.01 
311  -4- 24  >0.05 
289  -4- 21  >0.05 
* Includes pooled weights of 2 axilktry, 2 brachial, and 2 inguinal nodes. 
shortly after completion of graft rejection. Although a significant increase in average 
wet weight of spleen has occurred, no significant change in wet weight of lymph nodes 
is  recorded  (Table III). Histologically,  the  germinal center  activity  and  plasma 
cell production has continued to increase, not only in the axillary lymph nodes, but 
at this time also in the spleen. Text-fig. 5 records the increased germinal center ac- 
tivity in both spleen and lymph nodes as well as the increased number of plasma cells 
in the medulla of the regional lymph node. Table II indicates an increased frequency 
of plasma cells in the spleen of mice as they pass from normal, through the tolerant, to 554  ACQUIRED TOLERANCE TO  SKIN I-IOMOGRA~TS 
the partial and post-tolerant state. Figs.  7 and 8 illustrate the increased  activity in 
the spleen and lymph nodes of these post-tolerant mice. 
IV. Histological  Changes  in the Lymphoid Organs  of Sensitized C3H Mice.- 
Histological indications of an increasingly severe host  versus  graft  reaction 
in tolerant, partially tolerant, and post-tolerant C3H mice raised the question 
whether a  similar type of response could be evoked in the lymphoid organs of 
normal non-tolerant C3H mice, sensitized with an intraperitoneal injection of 
CBA strain spleen cells, followed 1 week later by a  CBA strain skin graft. 
Seven days after the application of a  CBA strain skin homograft, an immune re- 
sponse on the part of the axillary lymph node is evidenced by an increased number of 
germinal centers and plasma cells in the cortex and medulla, respectively (Text-fig. 
5, 2nd row from top). The spleen exhibits moderate germinal center activity (Text- 
fig. 5)  and increased  plasma cell frequency (Table II). Histological analysis of skin 
grafts at this time indicates the presence of a  second  set response  in all animals as 
evidence by complete necrosis of the graft epidermis.  6 to 8 weeks later, the regional 
lymph nodes  and  spleen  have returned  to  rest and  the histological  pattern of  the 
lymphoid system is similar to that of control mice. This is indicated in the top row of 
Text-fig. 5 and Table III which  represent respectively the histological  activity and 
average wet weight of the spleen and lymph nodes of sensitized  mice, sacrificed 6 to 8 
weeks post-grafting. The frequency of plasma cells in the spleen  of these mice has 
also returned to normal at this time (Table II). It can be seen that the frequency of 
plasma cells in the splenic white pulp in this group of mice is smaller than that in the 
non-tolerant control group (Table II). This is probably due to chance selection  of a 
smaller, more homogeneous  group of mice. The low frequency of plasma cells in the 
white pulp of these mice is in good agreement with the low germinal center activity 
and low spleen weights,  as indicated in Text-fig. 5 and Table III. 
DISCUSSION 
The present investigation was prompted by the observation described in a 
previous publication (1)  that a  large number of C3H mice lose their acquired 
tolerance to CBA skin homografts with increasing age. The chronic rejection 
pattern suggests the development of a host versus graft reaction which increases 
in severity with time. 
The present studies are undertaken to detect such a host versus graft reaction 
in tolerant mice. It is well known that in normal mice challenged with a homo- 
graft the host versus graft reaction is accompanied by increased germinal center 
activity and plasma cell formation in the lymphoid tissues  (3). Although  the 
exact role of the germinal centers and plasma cells in the homograft reaction is 
not known  at  the  present  time,  the  circumstantial  evidence as  to  their  role 
appears certain enough  to permit their  use  as a  criterion for immunological 
activity. 
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cells of both host and donor,  a complex interaction between host versus graft 
and graft versus host reactions can evolve. In the present strain combination, 
the host and donor mice share the strong H2 histocompatibility gene and no 
outward manifestation of a graft versus host reaction occurs in C3H mice after 
neonatal injection of 5 million CBA strain spleen cells (5, 6). Any histological 
indications of an immune response  can therefore be attributed to  the host 
lymphoid system. 
As our studies evolved it has become clear that no strict comparison between 
experimental and control mice can be made on an individual basis.  Control 
mice show a great deal of variability in germinal center activity and plasma cell 
production. This variability can be reduced but not eliminated by grouping 
the mice according  to age and/or sex. Mter the completion of the studies it 
was however found that, when large groups of control mice are analyzed, the 
histological  character of their lymphoid system falls  into a  certain pattern 
which  then can be  used as  a  standard for comparison  to  the experimental 
animals. 
Our histological data are supplemented by determination of the wet weights 
of tissues  which  are studied microscopically.  Although weights  of lymphoid 
tissues  can be extremely variable, and by themselves  should be viewed with 
caution, in conjunction with other methods they may be useful. In the present 
studies, the weight data show a positive correlation with the histological results 
in all but one of the groups  (axillary lymph nodes of post-tolerant mice after 
the second graft). 
Our results suggest that during the first two months after injection of CBA 
strain spleen cells into newborn C3H mice, host and donor cells establish  a 
state  of  "peaceful coexistence"  as  indicated by the  absence  of histological 
signs of immunological activity. In a few 9- to 18-day-old tolerant mice, isolated 
plasma cells can be found. Since control C3H mice, at this age, never possess 
plasma cells and since there are no other indications of an immune response on 
the part of the tolerant host at this time, these cells probably represent adult 
donor CBA cells, reacting against the host C3H antigens. The extent of this 
weak graft versus host reaction appears of no consequence to the host (16). At 
2 months of age, the lymphoid tissues of both experimental and control mice 
undergo a temporary surge of activity, with large germinal centers in the spleen 
and lymph nodes and increased numbers of plasma cells in the lymph nodes. A 
subsequent decline in activity occurs in the spleen and lymph node of both 
experimental and control groups, ~  to 1~,~ months later. After 4 months of age, 
a differential response becomes noticeable  in the lymph nodes of tolerant and 
control mice. A large number of tolerant mice,  with seemingly healthy skin 
grafts, begin  to show histological  indications of an immune reaction in the 
regional and contralateral lymph nodes. This immune reaction is manifested as 
an enlargement of the germinal centers and increased number of plasma ceils. 556  ACQIYIRED  TOLERANCE  TO  SKIN HO~OGRAFTS 
This phenomenon also occurs in older  tolerant mice, with even greater fre- 
quency. The effect is not due to the non-specific trauma of the skin grafting 
procedure, because isografts in non-tolerant control C3H mice fail to evoke a 
similar response in the lymph nodes. Although bacterial or parasitic infections 
can provoke a similar response in lymphoid tissues (see reference 3),  the fact 
that the immune response is initially limited to the lymph nodes and is absent 
in most control mice suggests that the reaction of the lymph nodes in tolerant 
mice is a specific response to the skin homograft. Indeed, it is comparable to 
the effect of a skin homograft on the lymph nodes of non-tolerant animals. In 
the latter, the immune response, which also appears before external indications 
of graft rejection are apparent  (2),  is initially limited to the regional lymph 
nodes but later may involve more distant nodes (2). In tolerant mice, the host 
versus  graft reaction seems more chronic and it is therefore not surprising that 
contralateral lymph nodes also exhibit an immunological activity. The spleen 
does not appear to participate in the immune response at this time. 
Histological indications of an immune response in the lymph nodes continue 
after the grafts begin to show signs of contraction and persist in most mice 
until after graft rejection has been completed. Again we can detect no partici- 
pation of the spleen at this time. When post-tolerant mice are challenged with 
a second homograft, rejection occurs at a  somewhat slower than normal rate. 
Mter the rejection of the second graft, immune participation of both spleen 
and lymph nodes is evident. The histological picture of the post-tolerant mice 
at this time resembles  that of non-tolerant C3H mice, sensitized with CBA 
spleen cells and a  CBA skin graft, except for the fact that in the latter case 
immunological activity in the spleen is not quite as pronounced as in the post- 
tolerant mice. It is interesting that the onset of immunological reactivity in the 
spleen coincides with the loss  of chimerism in these post-tolerant mice (17). 
Others (2-4) have shown that a skin graft rejection usually involves the lymph 
nodes only, whereas the injection of a homologous cell suspension is followed 
by an immune response in both spleen and lymph nodes. It appears, then, that 
at this time the post-tolerant mice not only manage to reject their skin homo- 
grafts with participation of the lymph nodes, but also rid themselves, with the 
help of the spleen, of the circulating donor cells. 
The results therefore suggest the onset of a host versus  graft reaction in the 
lymph nodes of seemingly tolerant C3H mice. This host versus  graft reaction 
develops in a large proportion of 4-month-old tolerant mice and results in the 
gradual contraction of the skin homograft. Final rejection of the donor lymph- 
oid ceils involves an immune response on the part of the spleen. In terms of 
the  mechanism of homograft tolerance,  the  results fit the  suggestion made 
previously (1), that tolerance is dependent on a  critical balance between the 
host immune potential and the population of donor cells. Possible increase in 
the immune capacity of the host with age (18)  would result in an increased ~l~:rm r.  ~a~G~s  557 
host versus  graft reaction which in turn would decrease the number of donor 
cells below the level required for the maintenance of tolerance (19). The chronic 
rejection pattern suggests that the antagonism between host and graft can be 
of long duration and that the elimination of donor cells can be a gradual process. 
It seems unlikely that this gradual loss of donor cells in tolerant mice is the 
result of non-immunological causes, because numerous studies have shown that 
homologous ceils are capable of surviving favorably in recipients in which the 
host versus  graft reaction is eliminated (20). 
It is well to call attention to the fact that the present strain combination of 
mice share the strong H2 histocompatibility locus. Billingham and Silvers (21) 
find that in a different strain combination, one which differs at the H2 locus, 
acquired  tolerance  to  homografts  is  not  lost  but  is  permanent.  A  possible 
explanation for  this  discrepancy may be  based  on combined suggestions of 
Billingham and of Fefer and Nossal  (22),  that in some tolerant animals the 
specific  immune response  is not completely eliminated but reduced below a 
critical threshold. Fefer and Nossal (22) postulate, on the basis of their results, 
that in a  strain combination sharing the H2 locus, incomplete suppression is 
induced, whereas in a  strain combination differing at the H2 locus, complete 
tolerance is produced. In the latter case all host cells, belonging to a  specific 
immunologically  competent line, are ehminated, and aging would have no effect 
on the course of tolerance. In the event of incomplete suppression, on the other 
hand,  aging could increase  the population of unmodified host cells  above  a 
critical threshold, resulting in the loss of tolerance. 
Acquired tolerance to CBA skin homografts is lost in a large number of C3H 
mice neonatally injected with CBA spleen cells.  The skin homografts persist 
for at least 2 months but then exhibit a chronic rejection pattern which may 
last up to 7 months. Histological analysis of the lymphoid tissues reveals the 
onset of an immune response in the axillary lymph nodes of many 4-month-old 
tolerant mice. This immune response which appears before external indications 
of graft rejection are evident, is manifested as an increase in number of germinal 
centers  and  plasma  ceils  in  the  cortex  and  medulla, respectively.  In  older 
tolerant mice, an even larger proportion show these histological indications of 
immunological activity. During graft contraction and shortly after graft re- 
jection, the immune response is still limited to the lymph nodes. After rejection 
of a second graft by post-tolerant mice, histological indications of an immune 
response are not only found in lymph nodes but also in spleen. 
The data suggest the development of a host versus graft reaction in seemingly 
tolerant C3H mice, which increases in severity with the age of the animal. The 
results are discussed from the point of view that tolerance is dependent upon a 
critical balance between the immune potential of the host and the population 558  ACQUIRED  TOLERANCE  TO  SKIN" HOMOGRAFTS 
of donor cells.  As mice mature, their immune potential may increase. The re- 
sulting host versus graft reaction increases, culminating in the rejection of skin 
graft and donor lymphoid cells. 
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EXPLANATION OF PLATES 
PLATE 26 
All of the sections were stained with methyl green-pyronine. 
FIG. 1.  Lymphatic nodule in the spleen of a  2-day-old C3H mouse. Note "perifol- 
licular halo."  Red pulp is densely populated with  erythropoiefic and  myelopoietic 
cells. X  200. 
FIG. 2.  Axillary lymph node from a normal 16-day-old C3H mouse. The medullary 
sinus has  divided the  cortex into  2  primary nodules  (I~).  Small  secondary (II  ~) 
nodules are developing underneath the capsule.  ×  100. 
FIG. 3.  Mesenteric lymph node from a normal 28-day-old C3H mouse. The cortex 
(C) and medulla (M) lie side-by-side.  Note germinal center (G.Ct) activity  in periphery 
of cortex. ×  100. 
FIG. 4.  Clusters of plasma cells in medullary cords (M.C.)  and germinal centers 
(G.Ct.)  in  the  cortex of  mesenteric lymph node  from  a  normal 4-month-old  C3H 
mouse.  X  200. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  117  PLATE  26 
(Argyris: Acquired tolerance to skin homografts) PLATE 27 
FIG. 5.  Increased germinal center activity in the  cortex  of  the  regional axillarv 
lymph node from a 5-month-old tolerant C3H mouse, 3 months after receipt of a CBA 
strain skin graft. No signs of graft destruction were present at time of sacrifice.  ×  55. 
FIG. 6.  Increased number of plasma cells in the medullary cords of a regional axillary 
lymph node from a 6-month-old tolerant C3H mouse, 4 months after receipt of a CBA 
strain skin graft. No signs of graft destruction were present at time of sacrifice.  ×  15(/0. 
FIG. 7.  High germinal center activity (3 +) in the spleen of  a 91,~-month-old post- 
tolerant C3H mouse  1 day after rejection of a  second  CBA skin graft.  Animal had 
rejected first graft after 7 months and second graft after 15 days.  ×  160. 
FIc.  8.  Regional axillary lymph  node  from  a  15-month-old post-tolerant  C3H 
mouse. This mouse rejected the first graft after 8 months and the second  graft after 
4.5 months. Medulla cords  (M.C.) contain largely plasma cells.  ×  655. THE JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL. 117  PLATE  27 
(Argyris: Acquired tolerance to skin homografts) 